Background/Aims: Previous studies showed that frailty is prevalent in both pre-dialysis and dialysis patients. However, the prevalence and prognostic implication of frailty in Chinese peritoneal dialysis (PD) patients remain unknown. Methods: We used a validated questionnaire to determine the Frailty Score of 193 unselected prevalent PD patients. All patients were then followed for 2 years for their need of hospitalization and mortality. Results: Amongst the 193 patients, 134 (69.4%) met the criteria of being frail. Frailty Score significantly correlated with Charlson's comorbidity score (r = 0.40, p < 0.0001), Malnutrition Inflammation Score (r = 0.59, p < 0.0001), and inversely with Subjective Global Assessment score (r = -0.44, p < 0.0001). Frailty was closely associated with the need of hospitalization. Patients with nil, mild, moderate, and severe frailty required 2.4 ± 6.0, 1.6 ± 1.6, 2.7 ± 2.5, 5.2 ± 4.8 hospital admissions per year, respectively (p < 0
Introduction
First described by geriatricians, frailty is a state of increase in vulnerability to stressors owing to decrease in reserve or dysregulation in multiple physiological systems [1] . This limited physiological reserve predisposes individuals to disproportionate change in health status albeit an apparent minor insult, which results in fall, delirium and disability [2] .
Frailty is common amongst chronic kidney disease (CKD) patients. A cross sectional study evaluated frailty in elderly patients with CKD (Cardiovascular Health Study cohort) by the original Fried's criteria and reported a prevalence of 15% [3] . On the other hand, Johansen et al described a cohort of 2275 incident dialysis patients and concluded that 67% of them were frail by a modified Fried's criteria [4] . However, study on the prevalence of frailty in Chinese CKD or dialysis patients is scarce.
Frail patients with CKD or on dialysis shared similar adverse clinical consequences as frail general medical patients. A national cohort consisting of 10256 Americans revealed a two-fold increase in risk of death in frail adults with CKD compared with those who were not frail [5] . Johansen et al also demonstrated that frailty in dialysis population independently predicted mortality and hospitalization after adjustment for age, gender, dialysis modalities and comorbidities [4] . In this study, we determined the prevalence of frailty in Chinese peritoneal dialysis (PD) patients. We also explored the relation between frailty and clinical characteristics, comorbid conditions, nutritional status, as well as the association between frailty and hospitalizations, peritonitis and survival in Chinese PD patients.
Patients and Methods

Study population
Amongst a total of 397 Chinese PD patients in our unit, we invited 196 consecutive patients who visited the dialysis clinic of our hospital from April to May 2012; 3 declined to participate. This study was approved by the Joint Chinese University Hong Kong-New Territories East Cluster Clinical Research Ethics Committee.
Overall arrangement
After informed consent, frailty was assessed by a standard questionnaire, and a nutritional assessment was performed at the same time. Baseline clinical and laboratory data were obtained by chart review. The modified Charlson's Comorbidity Index was calculated by methods previously described [6] . This Index encompassed a variety of common comorbidities (including coronary artery disease, liver disease, malignancy), each of which was assigned a score from 1 to 6. The summation of score was shown to predict both patient and technique survivals in PD patients respectively [6] .
Assessment of frailty
We used a validated Chinese questionnaire which consisted of 30 dichotomous questions [7] . The Frailty Score (FQ) was computed, with a range 0 to 30. The degree of frailty was then classified into 'none' (FQ ≤5), 'mild' (FQ 6 to 8), 'moderate' (FQ 9 to 11) and 'severe' (FQ 12 or above).
Dialysis adequacy and nutritional assessment
Dialysis adequacy was measured by Kt/V and residual glomerular filtrate rate (GFR) by 24-hour dialysate and urine collection. Nutritional status was represented by serum albumin level, subjective global assessment (SGA) [8] , comprehensive malnutrition-inflammation score (MIS) [9] , normalized protein nitrogen appearance (nPNA) [10] , and fat-free edema-free body mass (FEBM) [11] .
Bioimpedance spectroscopy study
We used the multi-frequency bioimpedance spectroscopy (Body Composition Monitor, Fresenius Medical Care, Germany) as described previously [12] . The test was generally performed in the afternoon during PD fluid dwell. We computed the lean tissue mass (LTM), adipose tissue mass (ATM), and volume of over-hydration.
Follow-up and outcome measures
The planned duration of follow up was 2 years. Primary outcomes included the number of hospital admission for all causes, number of hospital admission related to cardiovascular events, total length of hospital stay, and patient survival. Secondary outcomes included peritonitis rate and technique survival. Cardiovascular events were defined as acute coronary syndrome, hospitalization for heart failure, peripheral vascular disease or stroke. Peritonitis rate was calculated by dividing the number of peritonitis episodes by duration of follow-up, and expressed as episodes per year. Patient death, transfer to long term hemodialysis, and kidney transplantation are considered as events for the analysis of technique survival.
Statistical analysis
Statistical analysis was performed by SPSS for Windows software version 17.0 (SPSS Inc., Chicago). The planned sample size was 200, which was based on experience with previous reports [3, 4] , which suggested that 200 patients would be sufficient for a reasonable dermination of prevalence and risk factors of frailty. Descriptive data was presented as mean ± SD if normally distributed, or median (inter-quartile range) otherwise. Patients were grouped according to the degree of frailty as defined above for analysis. Clinical parameters were compared by Student's t-test or one way analysis of variance (ANOVA) for continuous variables, and Chi-square test for categorical variables. Correlation between continuous variables was explored by the Pearson's or Spearman rank order correlation coefficient as appropriate.
The number of hospital admission and duration of hospitalization were compared between frailty groups after adjusted for the duration of follow up. Log transformation was performed because the data were highly skewed. The log-linear regression model was then used to analyze hospitalization. Potential confounders, including age, Charlson's comorbidity score, serum albumin, total Kt/V, NPNA and residual GFR, were added to the model. Backward stepwise elimination was used to determine the independent predictor of hospitalization.
Kaplan-Meier method was used to present the survival data, and log-rank test was used to compare between survival curves. The Cox proportional hazards model was then used to adjust for potential confounders and identify independent predictors of patient and technique survival. In addition to the degree of frailty, the Cox models were constructed by similar clinical parameters used in the analysis of hospitalization. These parameters were selected because of their reported significance in determining the prognosis of PD patients. Backward stepwise elimination was applied to remove insignificant variables. A P value of less than 0.05 was considered significant. All probabilities were two-tailed.
Results
We studied 193 patients (97 males). The mean age was 60.6 ± 12.1 years and the mean duration of dialysis was 50.1 ± 47.5 months. The distribution of age, underlying renal diagnosis, and prevalence of comorbid condition were similar to our overall dialysis population. The distribution of the Frailty Score was summarized in Figure 1 . The mean Frailty Score was 8.4 ± 4.6. Amongst the 193 patients, 134 (69.4%) met the criteria of being frail. The degree of frailty was classified as mild, moderate and severe in 57 (29.5%), 33 (17.1%), and 44 patients (22.8%), respectively.
Relation with clinical characteristics
The demographic, baseline clinical and biochemical information were compared between patient groups with different degree of frailty and summarized in Tables 1 and 2 , respectively. Frailty was more common in elderly patients, and over 75% of patients aged over 60 years old fulfilled the criteria of being frail. Nevertheless, the prevalence of frailty was 64% amongst patients younger than 50 years old. The Frailly Score had modest but significant correlation with Charlson comorbidity score (Spearman's rank correlation coefficient, r = 0.40, p <0.0001), MIS (r = 0.59, p <0.0001), and inversely with serum albumin (r = -0.33, p <0.0001), overall SGA score (r = -0.44, p <0.0001), weekly total Kt/V (r = -0.26, p = 0.001), and residual GFR (r = -0.22, p = 0.003). Frailty Score also correlated significantly with the volume of overhydration (r = 0.23, p = 0.002) but inversely with LTM (r = -0.33, p <0.0001).
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Relation with hospitalization The patients were followed for 22.7 ± 7.0 months. During this period, there were 788 hospital admissions for a total of 6780 days; 12.4% of patients did not require any hospitalization during the study period. The need of hospitalization between different severity of frailty is compared and summarized in Table 3 . In short, the more frail the patient, the longer the total duration of hospitalization during the study period. The number of hospital admission, for all causes as well as for cardiovascular events, increased with the severity of frailty, and all patients who were severely frail had at least one hospital admission during the study period. Moreover, the duration of stay per admission was significantly longer in patients with a higher degree of frailty, and patients who were severely frail had to stay approximately two-fold longer for each admission when compared with those who were not or mildly frail (Table 3 ). In addition, the Frailty Score also correlated significantly with number of hospital admission for all cause (r = 0.32, p <0.0001), number of hospital admission for cardiovascular events (r = 0.35, p <0.0001), and total duration of hospital stay (r = 0.39, p <0.0001). By using the log-linear regression model to adjust for potential confounders, Frailty Score remained an independent factor associated with number of hospitalizations for all causes (beta = 0.29, p <0.0001), number of hospitalizations related to cardiovascular events (beta = 0.37, p <0.0001), and total length of hospital stay (beta = 0.34, p <0.0001). 
Relation with peritonitis and survival
During the study period, there were 109 peritonitis episodes in 66 patients; 127 patients (65.8%) had no peritonitis. The overall peritonitis rate was 0.30 episodes per year. There was no significant relation between peritonitis rate and the severity of frailty (Table 4) .
During the study period, 60 patients (31.1%) died. The causes of death included cardiovascular disease (8 cases), cerebrovascular diseases (7 cases), peritonitis (10 cases), non-peritonitis infections (22 cases) and malignancy (5 cases). In addition, 8 patients were converted to long-term hemodialysis, 11 patients received kidney transplantation, and 4 patients were transferred to other dialysis centers. At 24 months, patient survival was 83.3%, 80.4%, 57.6%, and 52.2% for patients with nil, mild, moderate, and severe frailty, respectively (log rank test, p <0.0001) (Figure 2 ), while technique survival was 72.9%, 70.0%, 57.6%, and 49.5% (p = 0.007) (Figure 3 ). After adjusting for potential confounding factors by multivariate Cox regression analysis, however, frailty was not an independent predictor of patient survival (adjusted HR 1.21, 95% CI 0.94 to 1.54) or technique survival (adjusted HR 1.19, 95% CI 0.97 to 1.47).
Discussion
In the present study, we showed that frailty was prevalent in Chinese PD population. Frailty is highly prevalent in elderly Chinese PD patients, but is not uncommon amongst younger ones. Most importantly, frail PD patients have a high risk of requiring hospitalization, and their hospital stay tend to be prolonged for each admission.
The definition and optimal method of identifying frailty remain controversial. The original Fried criteria [13] defined frailty as a phenotype by the presence of at least 3 out of the 5 components: unintentional weight loss, exhaustion, weakness, slow walking speed, and low physical activity. However, this approach involves the completion of multiple items in different questionnaires, as well as the measurement of walking speed and grip strength with appropriate instruments. Unfortunately, these assessments may not be easily accomplished in busy outpatient settings. For example, one of the studies reported approximately 25% of the recruited patients had missing data in at least one domain [14] . Moreover, cut-off points for physical performance tests may vary between different ethnic groups as well as in CKD patients. In the present study, we chose a simple but validated Chinese questionnaire that consists of 30 straightforward dichotomous questions to assess frailty [7] . Our approach may therefore simplify the procedure of assessment and facilitate the routine screening of frailty. In addition, our approach allows gradation of frailty, and the cumulative deficit model appears to be consistent with the concept of progressive accumulation of deficits in various physiological systems.
The prevalence of frailty in Chinese PD patient we found in this study appears to be higher than previous reports. Two studies recruited pre-dialysis CKD patients and determined frailty by modified Fried's criteria (which consisted of the original five components but assessed by different instruments) [5, 14] . The prevalence of frailty was reported to be 14-21%, when frailty was defined by the presence of three or more of the five components [5, 14] . On the other hand, our results concurred with the finding of two large cohort studies, which reported that approximately 70% of dialysis populations were frail [4, 15] . These two cohorts modified the original Fried's criteria by adopting larger proportions of selfreported criteria. The simplified version by Bao et al indeed omitted the domain of 'weight loss' but the estimated prevalence did not show substantial difference compared with
In the present study, Frailly Score showed significant correlation with various clinical, anthropometric, biochemical and nutritional parameters. Amongst all parameters, Frailty Score had moderately strong correlation with serum albumin (r = -0.33, p <0.0001), MIS (r = 0.59, p <0.0001) and overall SGA score(r = -0.44, p <0.0001). In fact, SGA was previously shown to be a reliable indicator of nutritional status in dialysis population, with good correlations with serum pre-albumin level and mid-arm circumference [16] . On the other hand, MIS correlated well with serum levels of inflammatory markers such as C-reactive protein (CRP) in ambulatory hemodialysis patients [9] . Our results suggested that malnutrition and systemic inflammation may be important contributing factors to development of frailty. Interestingly, Frailty Score was inversely correlated with weekly total Kt/V (r = -0.26, p = 0.001) and residual GFR (r = -0.22, p = 0.003). Although this association was weak to modest only, it was not described in previous studies. Sarcopenia is the one of the salient features of frailty. Patients who were underdialysed and/or losing their residual renal function may have enhanced oxidative stress, higher levels pro-inflammatory cytokines and uremic toxins. This may lead to protein catabolism and muscle breakdown, which eventually contribute to decrease in muscle strength and low activity [17] . However, whether increase in dialysis dose and preservation of residual renal function could modify the clinical course of frailty remain to be solved.
We found that Frailty Score is an independent factor associated with the duration of hospitalization. Notably, severely frail PD patients required twice as many hospital admission than patients who were not frail, and, for each admission, severely frail patients had to stay twice as long in the hospital. Since frail PD patients consume a disproportionately large amount of health care resource, routine assessment of frailty should be seriously considered in all PD patients.
In contrast to published evidences [4, 15] , our study did not show a significant association between frailty and patient survival. This discrepancy may be related to the small sample size, different ethnicity and different dialysis modalities. Previous studies recruited more than a thousand of Caucasian patients on dialysis, and majority of them were on hemodialysis [4, 15] . Notably, Johansen's group suggested that hemodialysis, compared to peritoneal dialysis, was independently associated with frailty [4] . Whether such association would contribute to the difference in patient survival would require further studies. Another unexpected finding was that peritonitis rate was not significantly increased in frail PD patient. This is probably because of the higher prevalence of requiring assistance for PD amongst frail patients.
Our study had several limitations. First, the cross-sectional assessment of frailty did not address the progression of frailty in PD patients. It is possible that repeated measurement of Frailty Score may provide extra prognostic information or serve to monitor treatment response if interventions targeted on frailty have been initiated. Moreover, the cross-section, observational design of the present study did not allow us to establish causality but just associations between frailty and underlying comorbidities and nutritional status. Second, our assessment of frailty only included self-reported criteria. Our approach may theoretically lead to over-estimation of frailty because patients may report functional difficulty before their performance deteriorates to the level that meets the criteria by objective measures [18] . In fact, measured performance and self-reported physical function may capture two distinct stages of declining function [19] . Those who meet self-reported criteria only may represent an intermediate or pre-frail phenotype and allow early intervention to be initiated. Given that the data on hospitalization was convincing, a Kaplan-Meir curve showing the time to first hospitalization may be interesting. Unfortunately, the data were not available because of the limitations in our original study design. Third, previous studies suggested that the presence of peritoneal dialysate during body composition measurement may lead to overestimation of extracellular water (and thus hydration status), fat free mass and soft lean mass [20, 21] . Therefore it may be ideal to measure body composition with an empty abdomen; yet this was not performed in our study due to logistic reasons and busy outpatient settings. Nevertheless, the degree of discrepancy may vary between the type of analyzer and the absolute magnitude of difference may be small [20] . Conflicting results were obtained when bioimpedance spectroscopy (in the present study) and multi-frequency bioimpedance analysis were applied respectively [22] . More importantly, we have shown that change in body composition parameters (ovehydration and lean tissue mass) were significantly correlated with the degree of frailty as measured by the Frailty Score (Table 2) . A previous study also reported that visceral fat content, as measured by bioimpedance analysis, is a simple method for predicting the risk of chronic kidney disease and metabolic syndrome in the general population [23] . Since the primary objective of our study was to determine the prevalence and contributing factors of frailty, we did not perform extensive analysis on the possible clinical implications of central obesity in PD patients, which has been examined in detail in another study by our group [24] .
In spite of the shortcomings, our results do support the clinical relevance of frailty in Chinese PD patients. In our opinion, frailty should be screened and assessed regularly in dialysis patients. Current evidence suggests that frailty may be modifiable, although the treatment required a multifaceted approach [17] . Although intensive exercise training may not be feasible for the elderly population, gentle exercise programme has been shown to improve physical performance and reduced the fall risk in elderly with incipient frailty [25, 26] . Whether similar intervention would be beneficial in CKD and dialysis patients requires further studies.
Conclusion
Frailty was highly prevalent in Chinese PD patients. It may serve as a better surrogate than chronological age for the assessment of functional capacity. Frail PD patients were more likely to be hospitalized, and they required a longer stay for each hospital admission. Our study further supported the use of a self-reported Frailty Score questionnaire as a simple tool for screening of frailty in PD patients.
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